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Background: Junctional ectopic tachycardia is a major cause of postoperative
morbidity after surgery for congenital cardiac disease. To elucidate the mechanism
of junctional ectopic tachycardia, surgical correlations were studied in four types of
congenital heart defects involving closure of a ventricular septal defect, relief of
right ventricular outflow tract obstruction, or both.
Methods: Between 1997 and 1999, a total of 343 consecutive patients underwent
repair of tetralogy of Fallot (n  114), common truncus arteriosus (n  10),
ventricular septal defect (n  161), and atrioventricular septal defect (n  58).
Variables studied included demographic and bypass data, surgical approaches
toward ventricular septal defect closure and relief of right ventricular outflow tract
obstruction, and resection as opposed to division of muscle bundles.
Results: Junctional ectopic tachycardia occurred most frequently after repair of
tetralogy of Fallot (n  25; 21.9%), with no cases occurring after repair of common
trunk, 6 occurring after repair of ventricular septal defect (3.7%), and 6 occurring after
repair of atrioventricular septal defect (10.3%). Stepwise logistic regression revealed
that resection of muscle bundles (P .0001), higher bypass temperatures (P .03), and
relief of right ventricular outflow tract obstruction through the right atrium (P  .05)
significantly and independently predicted postoperative junctional ectopic tachycardia.
Conclusions: Relief of right ventricular outflow tract obstruction appears to be more
important in the causation of junctional ectopic tachycardia than does ventricular
septal defect closure, which may explain the higher incidence of this complication
after tetralogy of Fallot repair. Muscular resection seems to be more arrhythmogenic
than is simple division. Increased traction through the right atrium for relief of right
ventricular outflow tract obstruction would fit the hypothesis that enhanced auto-
maticity of the His bundle, the morphologic substrate for junctional ectopic tachycardia,
may result from direct trauma or infiltrative hemorrhage of the conduction system.
When feasible, techniques avoiding both extensive muscle resection and excessive
traction should be applied during resection of right ventricular outflow tract obstruction.
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Junctional ectopic tachycardia (JET) is a relativelymalignant arrhythmia that is rarely reported in itsspontaneous congenital form1 and occurs morefrequently after surgical correction of congenitalheart defects.2-7 Aggressive management is man-datory because of the potential for considerable
morbidity; the lack of atrioventricular synchrony and the
high ventricular rate may lead to diminished cardiac output,
which may in turn lead to increased adrenergic tone, further
accelerating the heart rate.2,8 With careful medical and
nursing support, JET is a self-limiting disorder that usually
resolves in 2 to 8 days. Intensive care typically includes
surface cooling, atrial pacing, and antiarrhythmic rate-con-
trol therapy.3-6 Although catecholamines may worsen the
tachyarrhythmia, such inotropes are commonly used to sup-
port the circulation. JET has been reported after the repair of
every type of cardiac anomaly, but it is most often observed
after correction of tetralogy of Fallot and surgical interven-
tion in proximity to the atrioventricular node and the bundle
of His—in other words, operations that include closure of a
ventricular septal defect (VSD).7
Although the genesis, impact, and long-term conse-
quences of postoperative arrhythmias in these groups of
patients are well described,9-12 relatively little has been
reported about possible surgical contributions to their ori-
gin. In this study we analyzed various perioperative vari-
ables active at the time of surgical repair and their potential
relation to postoperative JET. It is hoped that certain surgi-
cal variables may be modified in an attempt to prevent or
lessen the incidence of this malignant arrhythmia.
Methods
Between January 1997 and December 1999, a total of 343 con-
secutive patients underwent surgical repair for selected congenital
heart defects at Great Ormond Street Hospital for Children Na-
tional Health Service Trust, London. The lesions selected included
closure of isolated VSD (n  161), repair of tetralogy of Fallot
(n 114), repair of atrioventricular septal defect (AVSD, n 58),
and repair of common truncus arteriosus (n  10). In all cases a
VSD was closed surgically.
Data were collected retrospectively from patient records, oper-
ative notes, cardiopulmonary bypass (CPB) data sheets, and post-
operative 12-lead ECGs. Surgery was performed with similar
techniques by the same three surgeons (M.R.d.L., M.J.E., V.T.T.)
during the 3-year period under standard CPB techniques and cold
anterograde crystalloid cardioplegia.
We recorded age at repair, weight, and previous palliative
operations. Other variables recorded were the surgical techniques
used to achieve VSD closure and to relieve right ventricular
outflow tract obstruction (RVOTO). Specifically, we distinguished
between resection and division of obstructing muscle bundles.
Resection was defined as excision of muscle leaving denuded raw
surfaces of myocardium devoid of endocardium, whereas division
was defined as the result of simple sharp-blade splitting of ob-
structive muscle bundles.
Dichotomous intraoperative variables were pulmonary valvot-
omy or commissurotomy, pulmonary transannular patch, right
ventricular patch, pulmonary arterioplasty patch, transatrial clo-
sure of VSD, resection of muscle bundles (vs division), transatrial
relief of RVOTO, transventricular relief of RVOTO, and transpul-
monary relief of RVOTO. CPB data included aortic crossclamp
time, CPB time, deep hypothermic circulatory arrest time, and
lowest temperature on CPB.
Diagnostic criteria for JET included the following: (1) narrow
QRS tachycardia in the absence of surgically induced right bundle
branch block, (2) a rate between 170 and 230 beats/min or greater
than the 98th percentile for age, (3) atrioventricular dissociation
with hemodynamic repercussion, and (4) a ventricular rate faster
than the atrial rate. The primary outcome variable was the occur-
rence of JET, as manifested on the postoperative 12-lead ECG.
When available, an atrial-lead ECG obtained with the temporary
epicardial pacing wires was used as an adjunct to diagnosis.
Univariate analysis followed by stepwise logistic regression
was applied with the SAS statistical program (SAS Institute, Inc,
Cary, NC).
Results
The median age of the patients was 5.9 months, with a range
from 0.1 to 369 months.
Mortality
Overall mortality was 2.9%, with 10 patients dying, but the
rate was 8.1% (n  3) among patients with JET (P  .05).
According to diagnosis, deaths occurred in 4 patients after
repair of tetralogy of Fallot, 3 of whom had JET. There were
4 deaths after repair of common truncus arteriosus and 2
after repair of AVSD, but none of these patients had JET.
The total incidence of postoperative JET was 10.8% (n 
37). It was most frequently seen after repair of tetralogy of
Fallot (n  25, 21.9%), followed by AVSD (n  6, 10.3%)
and VSD (n  6, 3.7%). No cases were seen after repair of
common truncus arteriosus. The incidences of JET as a
postoperative complication were statistically similar among
the three surgeons, even when this was considered for the
tetralogy subgroup (25.8% vs 15.8% vs 24.4%).
Morbidity
The mean duration of postoperative mechanical ventilation
and mean stay on the intensive care unit were increased for
patients in JET relative to those without: 187 versus 83
hours (P  .0001) and 210 versus 107 hours (P  .0001),
respectively.
Surgical Technique
Resection of muscle bundles was performed in 79 patients,
including 67 resections during tetralogy of Fallot repair, 1
resection in a patient with common truncus arteriosus, 10
resections during closure of VSD, and 1 resection during
AVSD repair. Although one of the three surgeons more
liberally resects muscle bundles (2-fold incidence relative to
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colleagues), this practice did not significantly affect the
occurrence of JET among his patients. Pulmonary valvot-
omy or commissurotomy was necessary in 98 patients; 97 of
these were patients with tetralogy of Fallot. Transannular
patches were fashioned in 82 cases, right ventricular patches
were fashioned in 106 cases, and augmentation pulmonary
arterioplasty was performed in 112 cases.
Surgical Access
Closure of a VSD with a patch was performed with expo-
sure through the right atrium in 314 cases (92%). By ex-
clusion, other approaches for VSD closure were through the
right ventricle or through the pulmonary trunk. Relief of
RVOTO was achieved through the right atrium (n  96),
through the right ventricle (n  65), or through the pulmo-
nary trunk (n  65). Multiple approaches to achieve
RVOTO relief were possible and were recorded in a cumu-
lative fashion. There was no significant difference in the
choice of surgical approach among the three surgeons.
Stepwise logistic regression revealed that resection or
excision of muscle bundles, higher CPB temperatures, and
relief of RVOTO through the right atrium significantly and
independently predicted the postoperative occurrence of
JET (P  .0001, P  .03, and P  .05, respectively), as
summarized in Table 1. Incisions and suture lines into the
right ventricular outflow tract, as are seen with right ven-
tricular or transannular patches, were not associated with a
higher incidence of postoperative JET (Table 1).
Because of the higher incidence of JET after repair of
tetralogy of Fallot, this subgroup of patients was analyzed
individually. The same statistical model was used, with two
additional variables taken into consideration, the preopera-
tive oxygen saturation value on room air and the intraoper-
ative ratio of right to left ventricular pressures measured
after CPB. Again, resection or excision of muscle bundles
and higher CPB temperatures significantly and indepen-
dently predicted postoperative JET, although to a less
marked degree (P  .05 and P  .02, respectively). Relief
of RVOTO through the right atrium did not retain a statis-
tically significant effect (Table 2).
Discussion
JET remains a troublesome postoperative arrhythmia of
uncertain cause with a wide spectrum of severity. Treatment
is largely supportive. Our protocol commenced with surface
cooling to 34°C to 35°C,3,6 followed by atrial pacing to
achieve atrioventricular synchrony4 and then an early intro-
duction of amiodarone by continuous intravenous infusion,5
if cooling and pacing had not controlled the ventricular rate.
To avoid stress-induced catecholamine release and to facil-
itate active cooling, all patients had maximal sedation and
muscle relaxation. Concomitant postoperative electrolyte
imbalance was aggressively managed with appropriate in-
fusions of potassium, calcium, and magnesium.
Although the precise cause of JET is unknown, enhanced
automaticity of the bundle of His in either its right atrial or
right ventricular portion8 is thought to be the mechanism. In
the selection of perioperative variables in our study, two
assumptions were made regarding the mode of injury to the
conduction system. The first is that JET is an iatrogenic
consequence of repair that can potentially be avoided, rather
than an intrinsic morphologic condition inherent in a spe-
cific congenital heart defect. Against this assumption, Bha-
rati and colleagues13 reported JET in 3 unoperated patients
with concordant connections without a VSD. They did find,
however, distinct anatomic abnormalities of the atrioven-
TABLE 1. Stepwise logistic risk factors for JET in the
complete study group (n  343)
Factor P value
Resection .0001
Higher CPB temperature .03
Transatrial RVOTO relief .05
Palliation .3
Pulmonary valvotomy .7
Transannular patch .4
Right ventricular patch .95
Pulmonary artery patch .7
Transatrial VSD closure .6
Trans-right ventricular RVOTO relief .1
Trans-pulmonary arterial RVOTO relief .3
Weight .4
Aortic crossclamp time .2
CPB time .8
Hypothermic circulatory arrest time .4
Age at operation .5
TABLE 2. Stepwise logistic risk factors for JET in tetralogy
of Fallot (n  114)
Factor P value
Resection .05
Higher CPB temp .02
Transatrial RVOTO relief .6
Palliation .6
Pulmonary valvotomy .8
Transannular patch .5
Right ventricular patch .7
Pulmonary artery patch .2
Transatrial VSD closure .4
Trans-right ventricular RVOTO relief .4
Trans-pulmonary arterial RVOTO relief .3
Weight .99
Aortic crossclamp time .9
CPB time .7
Hypothermic circulatory arrest time .9
Age at operation .98
Preoperative oxygen saturation .4
Intraoperative right/left ventricular ratio .8
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tricular junction in all 3 cases, with displacement of the
atrioventricular node and bundle downward on the atrial
septum or toward the left side of the ventricular septal crest.
In support of this assumption, autopsy studies of surgical
specimens from patients with JET have disclosed streaks of
hemorrhage penetrating the atrioventricular bundle and
node on the left side of the ventricular crest, in addition to
direct damage by sutures within the central fibrous body8
(Figure 1). Although it is unknown whether hemorrhage
occurs near VSD sutures without causing JET, on the basis
of these findings it is postulated that disruption of conduc-
tion tissue, either by direct trauma or by penetrating blood
and interstitial inflammatory cells, may result in irritable
foci leading to JET.8
The second assumption revolves around the mechanism
of injury. Enhanced automaticity of the bundle of His may
occur by direct trauma. With current understanding of the
locations and pathways of the conduction system in each
type of congenital heart defect,14 direct trauma by sutures is
avoidable in most instances. Indirect mechanisms of trauma
may include infiltrative hemorrhage, fibrosis, or stretching
of the conduction system. Because multiple approaches are
often necessary to achieve repair, an accumulation of po-
tential trauma to the conduction system may occur. Intuition
suggests that the accumulation of incisions and pathways
for access to attempt repair may have an additive effect on
the occurrence of JET. During repair of tetralogy of Fallot,
approaching a VSD or RVOTO through the right atrium
requires more traction on the heart than does approaching
through a ventriculotomy. Likewise, during surgery for
AVSD, considerable traction is often applied on the various
cardiac structures to achieve transatrial exposure adequate
for a satisfactory repair. On the basis of observation from
gross pathologic and histologic specimens from patients
with JET studied post mortem, we postulate that streaks of
blood originating at a distance from the area of resection or
excision of right ventricular muscle may penetrate and
infiltrate the conduction system (Figures 2 and 3). Resection
and excision of muscle, leaving raw surfaces of myocar-
dium, could further increase infiltration of blood cells to-
Figure 1. High-power (hematoxylin-phloxine-saffarin stain) histo-
logic specimen of a patient with JET revealing infiltrative hem-
orrhage in the conduction system.
Figure 2. Postmortem specimen in a patient with tetralogy of
Fallot and postoperative JET. Note subendocardial hematoma on
the left side of the ventricular crest, opposite to where suturing is
performed to achieve VSD closure.
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ward the conduction system relative to that provoked by
sharp-blade division of obstructing bundles. We found that
resection or excision of muscle bundles within the right
ventricular infundibulum was significantly and indepen-
dently predictive of postoperative JET. We appreciate,
nonetheless, that avoidance of resection is not always pos-
sible when achieving adequate RVOTO relief, and by no
means do we systematically condemn it.
When stretch trauma is evoked, multiple approaches to
achieve either VSD closure or RVOTO relief may enhance
the probability of injury to the bundle of His and thus
postoperative JET. Although relief of RVOTO through the
right atrium was a significant predictor of JET when the
complete study group was considered, this trend did not
attain statistical significance in the specific analysis of pa-
tients after repair of tetralogy of Fallot. This mechanism
may thus be somewhat overstated, as is supported by the
findings of Karl and coworkers,15 who favor a two-incision
transatrial plus transpulmonary approach for repair of te-
tralogy of Fallot. In a study of 366 nonneonatal patients with
tetralogy of Fallot, transatrial and transpulmonary repair
was feasible in all cases, with a low mortality rate and
actuarial freedom from reoperation of 95% at both 5 and 10
years. Unfortunately, these authors did not mention the
incidence of JET or any other postoperative arrhythmia.
With a minimal right ventriculotomy in 36 patients, Ka-
washima and associates16 reported improved right ventric-
ular function and a statistically nonsignificant decrease in
the occurrence of right bundle branch block; again, how-
ever, they did not refer to their incidence of JET. Malm and
colleagues17 reported successful repair of AVSD with
RVOTO in 20 patients with a transatrial-transpulmonary
technique and resection of muscle bundles mainly through
the right atrioventricular valve, without operative deaths or
postoperative JET.
Interestingly, younger age did not correlate with in-
creased JET, as has been reported by other groups.7,18 It is
conceivable that smaller patient size is associated with more
delicate cardiac structures and with enhanced difficulty in
surgical access, and thus a greater need for traction, notably
to achieve exposure through a transatrial approach.7 Al-
though transatrial RVOTO relief was a risk factor for JET in
our study, no association with younger age was found.
When considering our cohort of patients with tetralogy
of Fallot, a relatively high percentage of repairs were per-
formed with a transannular or right ventricular patch (71.9%
and 82.5%, respectively). The fact that neither of these
variables was statistically associated with postoperative JET
may support and underscore the finding that trauma to the
bundle of His, rather than to the right ventricular muscular
mass, is the causal factor leading to JET. Although large
ventriculotomies and transannular patches lead to dimin-
ished cardiac output and restrictive right ventricular physi-
ology in the immediate postoperative setting, these did not
necessarily coincide with JET. The occurrence of right
bundle branch block, late ventricular arrhythmias, and sud-
den death, nonetheless, is well documented after repair of
tetralogy of Fallot producing extensive ventricular scars9-12;
however, that is beyond the scope of this study.
Curiously, despite minor variations in technique, ap-
proach, and cooling temperatures, no difference in the in-
cidence of JET as a postoperative complication was noted
among the three surgeons.
We recorded the lowest mean temperature during CPB
and found a higher temperature to be an independent and
significant risk factor for postoperative JET. The wide vari-
ability of intervals spent at each temperature, along with the
differences in rate of cooling and rewarming, make it dif-
ficult to interpret this result. Furthermore, because hypo-
thermia is known to reduce the automaticity of cardiac
pacemaker cells,3,6 it is conceivable that lower CPB tem-
peratures, incomplete rewarming, or prophylactic controlled
hypothermia in the intensive care unit may reduce the
Figure 3. Postmortem specimen in the same patient with tetralogy
of Fallot and postoperative JET. Subendocardial hemorrhage is
evident at some distance from the area of right ventricular muscle
resection.
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potential for JET. To test this hypothesis would require a
controlled model with specific temperature targets, warming
and cooling rates, and exposure times at each temperature,
and this again is beyond the limits of this retrospective
analysis.
Limitations of the Study
The conduction system is intimately related to the borders
of inlet and perimembranous VSDs, but this is not always
the case for subarterial and muscular VSDs. Our groups of
patients included all types of VSD. Although the bundle
may be susceptible to direct suture trauma during repair of
the former two types of VSD, infiltrative hemorrhage or
stretching of the conduction system may also occur during
closure of the latter two types of defect. Although JET has
been reported after the repair of virtually every congenital
defect, even extracardiac ones,7 we did not include other
simpler intracardiac congenital lesions or extracardiac le-
sions in our study. In fact, Walsh and coworkers7 reported
a negative association of JET after operations to close
defects within the oval fossa, coarctation or aortic arch
repair, pacemaker insertion, and systemic-to-pulmonary ar-
terial shunts. It may be argued that many complex lesions
include a VSD among a long list of other anomalies, but
these were not analyzed in this study in an attempt to
minimize the potential effects of a wide morphologic spec-
trum.
With respect to the hypothesis implicating infiltrative
hemorrhage, postmortem specimens were not available
from any of the 10 patients who died during the study. Thus,
histologic confirmation of either direct suture damage or
infiltrative hemorrhage in the bundle is lacking among the 3
patients with postoperative JET who died after repair of
tetralogy of Fallot. Although none of the 7 other patients
who died (1 after tetralogy of Fallot repair, 4 after repair of
common truncus arteriosus, and 2 after AVSD closure) had
JET, histologic data are similarly unavailable to confirm the
absence of such lesions in patients without JET.
Circulatory support is often required in the postoperative
setting of prolonged or complex repairs of congenital heart
defects, and many patients return from the operating room
routinely receiving low dose inotropes. Treatment with low
doses of such inotropes as dopamine or dobutamine is not
generally incriminated in the genesis of JET, although these
drugs may aggravate or sustain the vicious cycle of adren-
ergic stimulation. Initial collection of data in our study
included a variable entitled “inotropes.” This variable was
arbitrarily defined as any dose of enoximone, adrenaline and
noradrenaline, or a dose of dopamine or dobutamine in
excess of 15 g/(kg  min).
This degree of support was necessary in 48 patients after
repair of tetralogy of Fallot (42.1%), in 5 patients after
repair of common truncus arteriosus (50%), in 12 patients
after closure of a VSD (7.5%), and in 24 patients after repair
of an AVSD (41.4%). In an initial analysis including this
variable among all the others previously mentioned, step-
wise logistic regression revealed that “high-dose” inotropic
support (P  .0001) and resection of muscle bundles (P 
.0001) significantly and independently predicted postoper-
ative JET. Because of the retrospective nature of the study,
however, determination of the time course for inotropic
support was imprecise. In some instances it was unclear
whether inotropic treatment preceded JET, thereby poten-
tially incriminating it in the genesis of the arrhythmia, or
whether exogenous catecholamine therapy was required to
improve an unstable hemodynamic situation after JET de-
veloped. Accordingly, it would have been incorrect to state
that high-dose inotropic treatment predicted the occurrence
of postoperative JET, and this variable was excluded from
the model. A prospective study analyzing all treatment and
support variables may better help to elucidate the role of
inotropic support in perioperative JET.
Metabolic acidosis, hypovolemia, and electrolyte imbal-
ance are commonly encountered postoperatively in patients
with JET and constitute an insult added to injury. Accord-
ingly, these conditions were aggressively corrected during
the perioperative period. Although it would have been de-
sirable to include them as variables in the statistical model,
the duration and degree of imbalance before correction were
imprecisely known, reason for their omission in this retro-
spective study.
Conclusion
Our findings suggest a causal relationship between surgical
trauma to the bundle of His and postoperative JET. This
trauma may result from direct suture damage, but is much
more likely to arise indirectly from stretch traction or infil-
trative hemorrhagic streaks in the conduction system. Some
morphologic variables leading to postoperative JET are
perhaps inherent in the various disease types and cannot be
altered. In contrast, surgical approaches or incisions may be
influenced through modification of operative technique or
CPB strategy, thus allowing prevention or at least lessening
of the incidence of this morbid arrhythmia. When feasible,
more gentle surgical technique and judicious selection of
approaches to achieve repair may reduce the incidence of
iatrogenic factors. Sharp division of muscle bundles may be
preferable to extensive muscle resection and could diminish
the potential for infiltration of hemorrhage into the conduc-
tion system.
We thank Mr Thierry Murier of the University of Neuchatel,
Switzerland, for his statistical analysis.
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